Abstract: Among the few supportive care measures available for the management of dysphagia, Photobiomodulation (PBM) therapy, defined as the therapeutic use of light, has shown significant promise. In this case report, effective management of chronic dysphagia post hormonal therapy in a breast cancer patient was made. Experts in the supportive care in cancer and PBM proposed and requested further investigations of the protocol used in this case report in the management of dysphagia. In this case report, the protocol of PBM was proposed by experts in supportive care in cancer. Functional outcome swallowing scale for staging oropharyngeal dysphagia was used to assess the effectiveness of the treatment in pre-operative, per and post-operative stage. This case reports that PBM is effective in the management of dysphagia, a side effect of hormonal therapy in a cancer patient.
Introduction
Swallowing is considered a complex biomechanical interaction of anatomy and physiology in which the precise coordination of over twenty-five pairs of muscles in the oral cavity, pharynx, larynx, and esophagus is required [1] . This complex biomechanical interaction consists of four stages: oral preparatory, oral, pharyngeal, and esophageal. Dysphagia is an impairment of swallowing that may involve any structure from the lips to the gastric cardia [2] . In a cancer patient, dysphagia is considered a debilitating and potentially life-threatening complication that can seriously affect the quality of life (QoL) of patients and can negatively affect their adherence to cancer therapy [3] . Dysphagia is seen as a result of malignancy in the head and neck region, as a side effect of head and neck cancer therapy and as a complication of any cancer therapy modality. In fact, dysphagia can be seen in 50.9% of patients with pharyngeal cancer, in 20% of high-dose radiotherapy patients, in up to 40% of patients treated with concurrent chemotherapy for lung cancer, and according to Sonis et al., 8 .5% of patients who developed mammalian target of rapamycin-associated stomatitis [4] . This complication highly affects the quality of life of patients, increases the use of health care resources and costs, and may compromise patient adherence to cancer therapy protocols. Pathogenesis of dysphagia is complex and is associated with acute inflammation, edema, and fibrosis with the injury of the muscle. In addition, dysphagia can be a result of generalized weakness, lack of muscle coordination while swallowing, and excessive fibrosis which will result in loss of elasticity [4, 5] .
Among the few supportive care measures available for the management of dysphagia, Photobiomodulation (PBM), that is the therapeutic use of light, has shown significant promise [6] .
Visible, infrared and near infrared light is absorbed by the endogenous chromophores which will trigger biological reactions leading to a physiological change. The mechanism of action of PBM is fundamentally considered as depending on light-mitochondria interactions, likely through a stimulation of mitochondrial respiration and consequent production of reactive oxygen species (ROS). There is a tight relationship between ROS release, mainly by mitochondria, and Ca 2+ signaling, with ROS regulating Ca 2+ signaling and Ca 2+ signaling affecting mitochondrial activities and ROS production [7] . However, it is now established that the primordial mechanism of action of PBM is predominantly related to an action on cytochrome c oxidase (CcO) in the mitochondrial respiratory chain by facilitating electron transport [8] . Additionally, PBM was shown to stimulate collagen production, promote DNA and protein synthesis, modulate cell migration and proliferation [7] . PBM improves wound repair and tissue regeneration by acting on different phases of injury resolution, including inflammation, proliferation, and remodeling phases [9] . Currently, a large number of studies have suggested the effectiveness of PBM in the treatment of oral mucositis as a side effect of cancer treatment [10] [11] [12] and may have a potential role in the management of acute and chronic dysphagia [13] . Furthermore, an international multidisciplinary panel of clinicians and researchers, with expertise in supportive care in cancer and photobiomodulation, proposed a preventive and curative protocol of PBM for the management of dysphagia. They concluded that further investigations must be done in order to assess the effectiveness of the suggested protocol [6, 8, 9] . Therefore, the aim of this case report was to note the reduction of chronic dysphagia caused by cancer therapy within this protocol.
Case Report
A 45-year-old female patient with a history of breast cancer, previously treated by left mastectomy 4.5 years ago, chemotherapy 2.5 years ago and radiotherapy 1.5 years ago, started third -line hormonal treatment with Everolimus (AFINITOR 10 mg) and Exemestane (AROMASINE 25 mg) in addition to Zoledronic acid (ZOMETA 4 mg/100 ml). After three months of hormonal therapy, the patient complained of chronic impairment in swallowing in the upper gastrointestinal tract, from the lips to the upper esophageal sphincter. The patient was diagnosed with chronic dysphagia by a certified speech-language therapist. For the assessment of the severity of dysphagia and the follow-up, a functional outcome swallowing scale (FOSS) for staging oropharyngeal dysphagia was used [14] . The treatment of choice was the therapeutic use of photobiomodulation. One session of PBM was given every 24 hours for five days. The FOSS scale was used to measure the severity of dysphagia before the treatment, per-treatment and after 15 days of treatment. Diagnosis revealed that the patient had compensated abnormal function manifested by significant dietary modifications and prolonged mealtime with a stable weight, occasional cough, with an absent aspiration. No ethical committee approval was necessary for our research since the protocol used in this case report is described in literature. The patient signed a written informed consent before enrolling in the study.
i Assessment of Dysphagia
The functional outcome swallowing scale for staging oropharyngeal dysphagia, proposed by John. R Salassa in 1999, was used for the assessment of dysphagia before treatment (T0), at day two of treatment (T2), immediately after treatment (T5) and fifteen days after treatment (T15). The FOSS was at stage II before the treatment (Table 1) . 
ii Treatment Protocol of Dysphagia
The photobiomodulation therapy protocol and parameters used was based on evidence derived from the literature and expert opinion that provided a guideline for the use of photobiomodulation in supportive cancer care for dysphagia (Table 2 ). Intraoral and extraoral application of diode laser 980 nm (FONA Laser Sirona Dental Systems GmbH, Germany) was used. Intraoral application of the diode laser 980 nm was made with an energy density of 3 J/cm 2 for 10 seconds at each point, in a continuous and non-contact mode, tip of 320 µm. Bilaterally four points on the soft palate, bilaterally four points on the oropharynx. Extra-oral application was made with an energy density of 3 J/cm 2 , 10 seconds of irradiation on each point, tip of 320 µm, in a continuous and non-contact mode. The irradiation was made on the lateral and ventral pharynx and larynx, midline neck and lateral neck anterior to sternocleidomastoid muscle (Table 2) . Table 2 . Photobiomodulation protocol, parameters and zone irradiated for the treatment of dysphagia (6) .
Irradiation

Treatment Area Parameters
Intraoral
Four points on the soft palate, four points on the oropharynx. Bilaterally, four points to soft palate and onto oropharynx 
iii Results
At T0, the FOSS was at stage II. After three sessions of photobiomodulation therapy (T3), there was occasional cough, symptomatic, a little difficulty in swallowing and prolonged meal time with the sensation of food getting stuck in the throat or esophagus (between stage II and I). After the treatment (T5), the patient had complete physiological function and was asymptomatic. Therefore, at stage 0 of FOSS, which persisted after 15 days (T15). A significant reduction of dysphagia (from stage II to Stage 0) was noted after 5 sessions of PBM with the protocol used. Therefore, PBM therapy successfully treated the hormonal therapy induced dysphagia (Table 3) . Table 3 . Results of the assessments of dysphagia according to the functional outcome swallowing scale for staging oropharyngeal dysphagia.
Complication
T initial T3 T5 T15
Dysphagia stage according to FOSS Stage II Between II and I Stage 0 Stage 0 FOSS = Functional outcome swallowing scale for staging oropharyngeal dysphagia, T initial = before treatment, T3 = three days after treatment, T5 = five days after treatment, T15 = fifteen days after treatment.
Discussion
Dysphagia may result in numerous important sequelae such as weight loss, aspiration, pneumonia and chronic bronchial inflammation [1] . Aspiration is defined as the passage of materials below the true vocal cord and is generally manifested by cough or clearing of the throat before, during or after swallowing. A certain degree of aspiration may be tolerated by patients, and in other conditions, silent aspiration can be noted in patients with head and neck cancer [2] . Hence, dysphagia has a negative effect on the quality of life along with life-threatening pulmonary complications [6] . Dysphagia is a relatively frequent oral complication of cancer therapy that requires preventive or curative management [15] . In this case, it is notable that dysphagia was not associated with oral mucositis or hyposalivation. In fact, it was the only oral complication diagnosed. Swallowing exercises is one of the promising types of management in preserving swallowing function [16] . A plethora of studies reveal the effectiveness of PBM for preventive and curative treatment of oral mucositis, but only a few have studied its effectiveness on dysphagia [6] . In fact, the use of PBM for the management of chronic dysphagia needs to be explored. In this case, the cancer patient suffered from chronic dysphagia as a side effect of hormonal therapy, this finding was rare in literature, which was significant, since dysphagia is a frequent oral complication of head and neck radiotherapy. In this case report, five sessions of PBM therapy were sufficient to completely treat Stage II dysphagia. These findings can be explained by the ability of PBM to prevent and ameliorate inflammation and pain associated with oral mucositis, along with its potential to control exuberant fibrosis. On the other hand, Eisbruch et al. identified that irritations of the tongue base, pharyngeal constrictors, the larynx, and the autonomic neural plexus is crucial in the development of dysphagia which can explain the positive outcome of the study [17] . In this case report, the irradiated zone were the soft palate, pharynx, larynx and oropharynx. A triple blinded randomized controlled trial reported a lower incidence of severe oral mucositis and dysphagia when predetermined oral sites were exposed to PBM prior to and during radiotherapy [7] . Within the limitations of this case report, PBM was able to treat dysphagia induced by hormonal therapy in a breast cancer patient. Further investigations must be made.
Conclusions
It can be concluded that the therapeutic use of photobiomodulation, according to specific protocol, is considered a good approach for the treatment of dysphagia induced by hormonal therapy in a breast cancer patient. Acknowledgments: Authors received no financial support and declare that there are no potential conflicts of interest of any kind with respect to the authorship and/or publication of this article.
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